Moreover, sorafenib induced cell cycle arrest and had anti-proliferative effects by decreasing the level of p-Akt.
INTRODUCTION
. Sorafenib is generally regarded as an anti-angiogenic agent although the exact mechanism of its action is not fully understood (Chan and Yeo, 2014). The aim of the present study was to further investigate the potential cytotoxic activities exerted by sorafenib in HepG2 cells as well as the possible underlying mechanisms particularly its effects on apoptosis, cell cycle and cell proliferation.
EXPERIMENTAL

Materials
Sorafenib was purchased from LC Laboratories (Woburn, MA, USA). It was dissolved in dimethyl sulfoxide (DMSO) and stored in aliquots at -20˚C. Chemicals were purchased from Sigma-Aldrich (St. Louis, MO, USA) and cell culture materials were purchased from Gibco Life Technologies Ltd. (Grand Island, NY, USA).
Cells line
HepG2 cells were purchased from the National Cancer Institute, Cairo, Egypt. The cells were kept in RPMI-1640 medium supplemented with 10% fetal bovine serum and 1% penicillin-streptomycin antibiotic. The cells were maintained in a humidified 5% (v/v) CO 2 atmosphere at 37˚C.
Assessment of protein content
The method of Bradford (Bradford, 1976) was used to determine the protein content in cell lysate and cellular extract.
Cytotoxicity assay
HepG2 cells were seeded at a density of 5000 cells/well in 96-well flat bottom plates and left to attach for 24 h. Then, the cells were treated with a serial concentration of sorafenib. The control wells were treated with 0.3% DMSO, the vehicle, only. After 72 h, the cytotoxicity was assessed using Sulphorhodamine-B (SRB) method as previously reported (Skehan et al., 1990 ). The absorbance of the wells were measured at 545 nm with an ELISA microplate reader (ChroMate-4300, FL, USA). From the fitted survival curves, the drug concentrations that inhibited the growth of the cells by 50% (IC 50 ), were calculated (Graph Pad, Prism software, version 5). This concentration, 2.3 µM, was used for further mechanistic studies and all treatments were carried out for 72 h.
Flowcytometric cell cycle analysis
HepG2 cells were plated in T 75 flasks at a density of 1×10 6 cells/flask in RPMI-1640 supplemented medium and treated with the indicated drug concentration. Then, cells were trypsinized and washed twice with phosphate buffer saline (PBS). The CycleTEST TM PLUS DNA Reagent Kit (BD Biosciences, San Jose, CA) was used to stain the cellular DNA according to manufacturer`s protocol. Cell cycle analysis was performed using the Becton-Dickinson FACScan flow cytometer (BD Biosciences, San Jose, CA) and the CELLQuest software (BD Biosciences, San Jose, CA).
Determination of the level of active caspase-3
The active caspase-3 ELISA kit (R&D Systems, Minneapolis, MN) was used to determine the level of active caspase-3. HepG2 cells were seeded in 6-well plates at a density of 5 × 10 4 cells/well and treated with the appropriate drug concentration. Cells were incubated for 72 h. The cellular extracts were prepared according to the manufacturer`s instructions and the level of active caspase-3 was determined according to the kit`s protocol.
Assessment of p-Akt level
The RayBio® phosphor-Akt (Ser473) ELISA kit (RayBiotech, Inc., Norcross, GA, USA) was used to determine the level of p-Akt (Ser473). The procedure was carried out according to the manufacturer`s protocol.
Statistical analysis
Data were presented as mean ± SD. Individual groups were compared using the unpaired Student's t-test. Multiple comparisons were performed using one way analysis of variance (ANOVA) followed by Dunnett test for post hoc analysis. The level of significance was set at p < 0.05. All analyses were performed using GraphPad InStat software, version 3.05 (GraphPad Software, La Jolla, CA). Graphs were sketched using GraphPad Prism software, version 5.00 (GraphPad Software, La Jolla, CA).
RESULTS
Sorafenib induced cytotoxicity in HepG2 cells
Treatment of HepG2 cells with different concentrations of sorafenib (0.3125-20 μM) for 72 h significantly decreased the growth of cells in a concentrationdependent manner. From the fitted survival curves, the IC 50 of sorafenib was calculated and was found to be 2.3 μM. (Fig.1) .
Fig. 1. Cytotoxicity of various concentrations of sorafenib in HepG2 cell line.
a p <0.05: Statistically significant when compared to the control value using ANOVA followed by Dunnett test as post-hoc test.
Sorafenib induced cell cycle arrest
Cell cycle distribution was evaluated using flowcytometric analysis. Treatment of HepG2 cells with sorafenib caused a significant cell cycle arrest at the G 0 /G 1 phase on the expense of S and G 2 /M phases. Moreover, sorafenib induced a significant increase in the percentage of apoptotic cells. (Table 1) . Significantly different from the control group, P < 0.05 using unpaired Student's t-test.
Sorafenib significantly enhanced the apoptosis of HepG2 cells
To investigate the effect of sorafenib on the apoptotic machinery, the level of active caspase-3 was measured. Fig. 2 shows that active caspase-3 level was increased significantly following treatment with sorafenib by 217% as compared to the control values. Each point is the mean ± SD. The experiment was done in triplicates. a: Significantly different from the control, P < 0.05 using unpaired Student's t-test.
Sorafenib significantly downregulated the level of p-Akt
To study the effects of sorafenib on cell proliferation the level of p-Akt was assessed. Treatment of HepG2 cells with sorafenib significantly decreased the level of p-Akt by 65.87% as compared to the control values. (Fig. 3) . Accordingly, the level of active caspase-3 was assessed. Indeed, sorafenib significantly elevated caspase-3 level in accordance with the results obtained in the cell cycle analysis. To investigate the anti-proliferative effects of sorafenib, the level of pAkt was measured. Sorafenib is essentially an inhibitor of the Raf/MEK/ERK signaling pathway in HepG2 cells (Liu et al., 2006) . This study further demonstrate that sorafenib may affect Akt signaling due to its effects in downregulating the level of p-Akt. In conclusion, this study shows that sorafenib is potentially cytotoxic in HepG2 cells. This may be, at least, partially attributed to the induction of cell cycle arrest, the increase in the level of active caspase-3 as well as the downregulation of the p-Akt level.
